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Executive Summary 
This review, submitted to the International Association of Geodesy (IAG) of 
the International Union of Geodesy and Geophysics (IUGG), contains the results 
obtained by Russian geodesists in 2011-2014. This review was prepared for the 
XXVI General Assembly of IUGG (Czech Republic, Prague, 22 June – 2 July 
2015). It briefly describes the results of principal research in geodesy, 
geodynamics, gravimetry, in the studies of geodetic reference frame creation and 
development, the Earth’s shape and gravity field, the Earth’s rotation, geodetic 
theory, its application and some other areas of research.  
The review is organized as a sequence of abstracts of principal publications 
and presentations for symposia, conferences, workshops etc. Each of the review 
paragraphs includes a list of scientific papers published in 2011–2014 including 
those prepared in cooperation with Russian scientists and their colleagues from 
other countries. Some interesting international and national scientific events are 
also mentioned in the review.  
For some objective reasons not all the results obtained by Russian scientists 
on the problems of geodesy are included in the review.  
The more principal studies are listed below. 
The investigation of the impact of the Galactic aberration on the CRF, TRF, 
end EOP. For accurate modelling of this effect, the current best estimate of the 
Galactic aberration constant was obtained as A = 5.0 ± 0.3 µas/yr. 
Study of systematic errors of the ICRF and various aspects of combination 
procedures. In particular, the analysis has shown that using the full correlation 
matrices leads to substantial change in the orientation parameters between the 
compared catalogues. 
New algorithms of Molodensky theory application for determining the Earth’s 
shape.  
Construction and development of new absolute gravity meters. 
Propagation of the international gravity reference system to the national 
gravity reference frame. 
Study of coseismic gravity changes in relation with the May 24, 2013 
Okhotsk deep-focus earthquake.  
Geodynamic study of the West Pacific, Near Baltic, Caucasus and Lake 
Baikal regions. 
First geodetic observations of coseismic crustal displacements caused by a 
deep-focus (611 km) earthquake 
Complex geophysical research of theTohoku earthquake phenomenon. 
‘Paradox’ resolution of high and low strain velocities under the concept that 
the anomalous recent geodynamics is caused by parametric excitation of 
deformation processes in fault zones in conditions of a quasistatic regime of 
loading. 
Research on relation between core nutation and geomagnetic activity. 
It was found that the amplitude and phase of the Free Core Nutation (FCN) 
variations derived from VLBI observations are correlated with geomagnetic jerks. 
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The comparison of the epochs of the changes in the FCN amplitude and phase with 
the epochs of the GMJs indicated that the observed extremes in the FCN amplitude 
and phase variations were closely related to the GMJ epochs.  
The detailed investigtion of the structure of the Chandler Wobble (CW) 
revealed that it consists of six principal components with the periods from 11 to 75 
years. It was also found that the CW variations may be connected with the Sun 
activity, Markovits's waves, and the Kp and Ap geomagnetic indices.  
The algorithm of calculation of plan rectangular coordinates, declinations and 
scale of Gauss projection in 6º zone by geodetic coordinates. 
The weighted modifications of correlation coefficient and Allan variance.  
The implementation of the Finsler geometry in geodesy to take a new look at 
its traditional tasks and to contribute to the construction of new approaches to 
problem areas of space geodesy and astrometry. 
 
Section of geodesy  
Dr. V.P. Savinykh, Chairman, Corr. Member of RAS  
Dr. V.I. Kaftan, Vice-chairman  
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The latest research is devoted to the problems of International Celestial 
Reference Frame (ICRF) development. 
In recent years much attention has been paid to the astrometric implications of 
the galactic aberration in proper motions (GA). This effect causes systematic errors 
in ICRF at a µas level already substantial for results of the VLBI observations used 
for simultaneous determinations of CRF, TRF and EOP [Malkin, 2011b, 2012c, 
2014b; Liu et al., 2012]. Therefore, this correction must be taken into account 
during highly accurate astrometric and geodetic data processing. Its accuracy 
depends, in the first place, on accuracy of the Galactic rotation parameters. It was 
found from analysis of the all available determinations of the Galactic rotation 
parameters R0 and Ω0 made during last 10 years that the most probable value of 
the Galactic aberration constant A = 5.0 ± 0.3 µas/yr [Malkin, 2012d; 2013d, 
2013t, 2013f, 2014c]. 
Systematic errors of the ICRF are discussed in more detail in several papers. 
As follows from the many-decades experience of classical astronomy, the most 
accurate catalog of celestial objects forming the ICRF can be obtained from a 
combination. Various aspects of combination procedures are discussed in 
[Sokolova, Malkin, 2012, 2013a, 2013b, 2014]. In particular, the analysis has 
shown that using the full correlation matrices leads to substantial change in the 
orientation parameters between the compared catalogues. 
Correct estimate of the random errors of the catalogs is important for many 
tasks, such as catalog comparison, computation of the weights of the catalogs 
during combination etc. Formal uncertainties of the source positions provided in 
the catalog are generally substantially smaller than the real position accuracy. 
These estimates can be improved if the correlation between catalogs is accounted 
for. In [Malkin, 2013a; 2013b, 2013g, 2014a] one of possible approaches to solve 
this task using a modified and generalized "3-cornered hat" method is considered. 
An international project of a use of a radio-telescope in Sierra Negra for 
VLBI method realization is presented in [Krilov et al., 2014]. 
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Compact satellite laser ranging (SLR) meters “Sazhen-TM” produced by 
Open Joint-stock Company “Research-and-Production Corporation “Precision 
Systems and Instruments” are installed at Quasar VLBI network observatories 
[Finkelstein A. et al, 2013]. The measurement system allows determining distances 
of 400-6000 km (day) and 400-23000 km (night) with the accuracy of 1 cm. Local 
ties between GNSS and SLR markers are determined with the precession of 1-3 
mm [Finkelstein A. et al., 2012].  
VLBI antenna rotation centers were connected with Fundamental Astro-
Geodetic Network (FAGN) points with the accuracy of 1-5 mm for plan and 1-10 
mm for height components. Loop misclosures were determined as sums of local tie 
vectors and baseline VLBI and GNSS vectors between points of VLBI and FAGN. 
Root mean square errors of vector components were received as mx=15 mm, 
my=11 mm и mz=14 mm for distances of several thousand kilometers.  
The latest International Terrestrial Reference Frame (ITRF) realizations are 
derived from four space geodesy techniques: VLBI, GPS, SLR, and DORIS, 
whereas the International Celestial Reference Frame (ICRF) is a result of global 
VLBI solution. The latter is tied to the ITRF datum using an arbitrary set of 
reference stations. VLBI also shares responsibility with SLR for ITRF scale. All 
the techniques contribute to positions and velocities of ITRF stations. As a 
consequence, we faced with systematic errors and mutual impact of CRF and TRF 
realizations, which cannot be fixed by datum correction during current 
combination. These problems have been discussed in [Boehm, 2012a 2012b; 
Malkin, 2012a, 2012b; Malkin et al., 2012]. 
The International Terrestrial Reference Frame considers the position at a 
reference epoch plus a linear velocity term for station coordinates. However, the 
actual station movement also includes several tidal and non-tidal corrections (e.g., 
solid Earth tides, ocean and atmosphere loading) recommended by the IERS 
Conventions as well as unmodelled non-linear displacements. The increasing 
accuracy of Very Long Baseline Interferometry (VLBI) observations and the 
growing time span of available data allow the determination of seasonal signals in 
station positions which still remain unmodelled in the conventional analysis 
approach. It was shown that neglecting the seasonal station motion leads to UT1 
systematic errors at the μs level [Malkin, 2013g]. It was also found that the 
seasonal station movements do not yield any significant systematic effect on the 
CRF but can cause a significant change in position of radio sources with small 
number of sessions non-evenly distributed over the year fraction [Krasna et al., 
2013, 2014] 
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DORIS analysis center operates at the Institute of Astronomy of the Russian 
Academy of Science (INASAN). It produces SINEX weekly free network 
solutions, geocenter motion, EOP and STCD series. The latest Gipsy software 
version (GIPSY 6.0) is used for time series production. Dynamic Regression 
Modeling is proposed and used for geocenter motion prediction at 6-25 weeks 
intervals [Kuzin S., Tatevian S., 2011].  
 
Fig.1 Russian Fundamental Astro-Geodetic Network (FAGN) 
Global space reference frame realized as precise GLONASS ephemeris was 
developed by the Federal State Budgetary Establishment "Federal Scientific-
Technical Center of Geodesy, Cartography and Spatial Data Infrastructure". The 
special web-site (http://rgs-centre.ru) is under construction and works in a test 
mode. Permanent observations of the Russian Fundamental Astro-Geodetic 
Network (FAGN) are used for precise ephemeris production (see Fig.1). Figure 1 
shows that the FAGN fragment is in the possession of the Federal State Budgetary 
Establishment "Federal Scientific-Technical Center of Geodesy, Cartography and 
Spatial Data Infrastructure". FAGN fragments of other ownerships are reflected in 
[Savinykh V.P. et al., 2014]. 
New state geocentric coordinate reference system (reference frame) GSK-
2011 is developed and officially adopted [Demianov G.V. et al., 2011c, 
Gorobets V.P. et al., 2012, 2013a, b, c, Kaftan V.I., 2011]. Coordinate 
transformation parameters between the national coordinate system SK-95 and 
GSK-2011 are determined [Gorobets V.P., 2013]. SK-95 operates in remote 
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Russian areas. The special study of the SK-95 state in the Russian Arctic is 
emphasized in [Khodakov P., Basmanov A.]. The national coordinate system SK-
95 is realized by FAGN and two more dense satellite geodetic networks: Precise 
Geodetic Network (PGN) and 1st order Satellite Geodetic Network (SGN-1) 
[Demianov G.V. et al., 2011].  
GLONASS system has a space realization of the global coordinate reference 
frame PZ-90.11. Its main development results, role and place in the national 
coordinate infrastructure are studied and described in [Vdovin V.S., 2013].  
The results of a first experiment on the use of full constellation of the 
GLONASS system for the precise positioning are described. To compare the 
positioning accuracy estimated by the use of GLONASS and GPS, measurements 
obtained at 15 sites of the Russian FAGN were analyzed. The outcome of the 
performed computations shows that sites of the Russian geodetic network were 
determined with the precision (rms) 3-10 mm in spite of short period of 
measurements. The differences between coordinates of these sites, estimated by 
only GPS or GLONASS measurements, are in the same limits. It is considered that 
the models used for data processing with GLONASS should be more studied and 
developed [Tatevian S.K., Kuzin S.P., Demjanov G.V., 2013]. 
A combined use of GPS/GLONASS techniques for the development of the 
Russian geodetic reference network is studied and described in [Tatevian S., Kuzin 
S., 2011]. 
The Geodesy Section [http://geodesy-ngc.gcras.ru/en/] of the National 
Geophysical Committee [http://ngc.gcras.ru/index_eng.html] of the Russian 
Academy of Sciences announced an initiative on unifying the observation 
networks affiliated to different national and departmental organizations into a 
single regional cluster. A number of meetings of the Geodesy Section held in 
2012-2103 were devoted to solving the organizational problem. During this period, 
the texts of the Statute of the International Commission on the Regional Terrestrial 
Reference Frame for North East Eurasia (NEEREF) and the Agreement between 
the institutions and organizations were elaborated, and the signing of the 
Agreement started. The NEEREF structure should be established by approximate 
analogy with EUREF. The entire research is based on the unified observation 
network which provides the initial observation data obtained not only by GNSS but 
also by other satellite and terrestrial observation techniques. The observation data 
will be transmitted to the data centers and/or analysis centers for primary treatment 
and/or final solution determination. The measurement data and processing results 
should be available to a wide range of users [Savinykh V.P. et al., 2014].  
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Fig.2 Russian Precise Geodetic Network 
One of NEEREF objectives is to conduct research not only in the frame of 
conventional geodetic problems but also the related geophysical ones. For 
example, the interaction with geomagnetic observation networks, which is 
significant for better understanding of the interrelationship of the terrestrial and 
natural external processes, is proposed [Kaftan V.I., Krasnoperov R.I., 2015]. 
The first kinematic coordinate reference frame of Russia is a common work 
result of the above mentioned Russian institutions. The coordinate solutions were 
obtained based on the ITRF08 catalogue. The coordinate accuracy values of daily 
Bernese solutions were 0.8 and 1.7 mm for the horizontal and vertical components, 
accordingly. The velocity vector values of the sites of the Russian Fundamental 
Astro-Geodetic Network (FAGN) are derived from the data of continuous GPS 
observations conducted in 01/2010-12/2011. The velocities are determined from 
the time series analysis of two-year observations. The accuracy of determination of 
the displacement rates obtained from the time series of daily coordinate solutions 
attained 0.2-0.3 and 0.4 mm/yr for the horizontal and vertical components, 
respectively [Gorobets et al., 2012]. 
13 
 
 
Fig.3 Russian 1st order Satellite Geodetic Network 
National vertical precise reference frame (the Main height frame) is 
developing permanently. The modern state of the Russian vertical reference frame 
is presented in Fig.4. The Russian vertical reference frame was recently connected 
with national leveling networks of Belorussia, Finland and Norway. The works on 
the 1st and 2nd order leveling modernization are initiated at the Crimea territory. 
The Russian vertical reference frame realizes the Baltic normal height system of 
1977.  
The history of creation and development of the Russian leveling network is 
briefly described in [Basmanov A.V., 2013]. The oldest Russian leveling city 
network of Saint-Petersburg is inspected and reconstructed [Bogdanov A.S. et al., 
2013]. 
The research on registration and identification of measurement gross errors on 
results of leveling network adjustment by parametric method is described in 
[Stoliarov I.A., 2013]. 
The development of state gravity network in Russia (USSR) has begun in the 
fourth decade of the 20th century. All gravity measurements of that epoch were 
performed at the four reference stations in Moscow, Pulkovo, Poltava and Kazan, 
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that were directly connected to Potsdam station. The further advancements of 
gravity measurements resulted in creating the State Gravimetric Reference Frame 
of the First order during the period from 1965 to 1970.  
The modern State gravimetric network was established using differential 
pendulum method from 1979 to 1994. More than 1000 stations were installed and 
observed during that time, creating the foundation for further densification of the 
network and gravimetric surveys. The First order network consisted from 11 
fundamental stations where measurements were made using Russian ballistic 
gravimeters with high precision. The gravimetric network for epoch 1995 was 
created by combining measurements from fundamental and First order stations. 
The special attention is given to the development of Fundamental gravimetric 
network in the last decade (see Fig.5). Newly created stations are included in 
complex sites of the FAGN and PGN and joined with First order stations of the 
previous period if possible. Thus repeated gravity measurements are being made 
over all national territory more than 20 years later that allowed the accuracy of the 
previous generation network to be checked and the crustal motion together with 
repeated leveling to be studied. 
All measurements at the stations of the Fundamental Network are made using 
absolute ballistic gravimeters. New generation of gravity meters of GBL-M series 
were produced since 2009 in IAiE RAS. TSNIIGAiK has three instruments of the 
series that are used during regular field measurements. Some measurements are 
also made with FG-5, GBL-P, GABL-E and other gravity meters. The root mean 
square errors of the latest gravity measurement vary from 0.8 to 3.3 μGal at the 
stationary fundamental gravity points. The extension of the gravimetric network on 
the Russian part of Arctic has started in 2012. There are plans to develop a 
fundamental gravimetric network in Antarctica from 2014 to 2017 at the sites of 
active Russian Antarctic stations. National and international comparisons of 
absolute gravity meters are being made at Russian gravimetric stations.  
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Fig.4 Main Russian vertical reference frame (1st and 2nd order precise levelings). Black solid lines are the 1st order leveling. Thin black lines are the 2nd 
order leveling. State border of Russia is indicated by gray line. Blue dots – connection points between national networks. Red lines – resent relevelings. 
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Fig.5 Russian Fundamental Gravity Network 
 
 
 
 
Fig.6. The Journées 2014 participants at Pulkovo Observatory 22 - 24 
September 2014 
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The Journées 2014 "Systèmes de référence spatio-temporels", with the sub-title 
"Recent developments and prospects in ground-based and space astrometry" were 
organized at Pulkovo Observatory from 22 to 24 September 2014. The main 
purpose of the meeting is to provide an international forum for advanced 
discussion in the fields of space and time reference systems, Earth rotation, 
astrometry and time. These Journées are included in the program of celebrating of 
the 175th anniversary of the Pulkovo observatory. Common photo is presented in 
Fig.6. 
The information on gravity study is presented in the Gravity Field section. 
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Problems of the Earth’s dynamics in relation to General Relativity effects are 
studied by Kopeikin et al. (2014). A concept of Relativistic Geoid is proposed.  
General problems of space geodetic measurements for global changes 
monitoring are discussed in [Tatevian et al., 2012, 2014a, b]. 
Studies of the Geocenter dynamics by the analysis of the measurements of the 
GPS and DORIS satellite systems were performed by Valeev et al. (2011). 
The specialities of deformation of continental and ocean lithosphere revealed 
by geodetic technique are considered as an evidence of the north movement of the 
Earth’s core in [Goncharov et al., 2011]. 
The problems of modern figure of the Earth theory are discussed in [Pik & 
Yurkina, 2013]. The Molodensky theory is one of the few precise methods of the 
Earth shape theory. However, it is unfairly neglected or insufficiently used. Many 
resent publications disseminate an idea that modern geodesy cannot dispense with 
Gauss-Listing geoid and Molodensky theory is not reliable enough. As a result, 
Japan has changed its height system from normal to ortometric.  
An example of a departure of right reason and logic is a spreading of special 
and general relativity theories. This and several other examples of this kind are 
related to insufficiency of mathematical education in many countries of the world. 
Computation substitutes mathematic knowledge. The authors [Pik & Yurkina, 
2013] give the definition and explanation of a normal height and quazigeoid 
height. They provide the formulation of disturbing gravity potential using refined 
gravity anomalies and develop formulas of deflection.  
The representation of gravity potential coefficients through gravity anomaly 
coefficients is presented in [Brovar, 2013]. 
Modern geodetic GNSS technologies presuppose the necessity of the 
knowledge of the quasigeoid height having an accuracy of about 5*10-5. The 
theoretic assumption of V.V. Brovar was checked with the special purpose in view. 
A numerical experiment approved the accuracy of V.V. Brovar method not less 
than 5*10-5 [Brovar & Stolarov, 2013]. It is equivalent to 1 mm for the Caucasus 
test region.  
A spherical approximation is the basis of a majority of formulae in physical 
geodesy. However modern accuracy of the disturbing potential definition demands 
an ellipsoidal approximation. The purpose of the work [Mazurova & Yurkina, 
2011] is to construct the Green’s function for an ellipsoidal Earth. The Green's 
function depends only on surface geometry with given boundary values. Thus, it 
can be calculated irrespective to gravimetric data completeness. Any changes in 
28 
 
gravitational data are not reflected in the Green's function and if it is already 
known, the changes can be just considered. Therefore the solution can become 
useful for the definition of the disturbing potential of an ellipsoidal Earth. 
The outcomes of a research related to the development of a methodology for 
assessing the quality of models of the Earth gravity field used in geodesy and 
adjacent areas are presented. Requirements for such models were analyzed. 
Questions relating to the classification of gravity models by various characteristics 
were considered. It is shown that the quality of the models includes the quality of 
their design and implementation. The authors [Nepoklonov et al., 2014] have 
established connection between the quality of implementation of the models and 
their main functional and performance features. The general scheme of quality 
evaluation of modern gravity models is proposed. The authors propose a technique 
for estimation of accuracy of gravity models as one of the main characteristics 
defining their quality. 
Classical methods of the definition of anomaly height demand knowledge of 
continuous faultless values of a gravity anomaly on the total surface area of Planet 
Earth. In fact, the M.S. Molodensky’s combined method is used in practice. 
According to the method, the surface of the Earth is divided into some "near" and 
farfield zones. 
As a rule, a detailed gravimetric surveying with the subsequent definition of 
the transforms of the gravitational field is performed by numerical integration in 
the "near" zone. The influence of farfield zone is considered by decomposition of a 
gravity anomaly in a series of the spherical functions. The transforms of the 
gravitational field are very difficult to calculate with the classical methods of 
numerical integration—even with accuracy of zero approximation and extremely 
with accuracy of the first and the subsequent approximations. Now wavelet-
transformation has wide popularity at digital information processing. The 
algorithms of calculation of the height anomaly with accuracy of the first 
approximation of the M.S. Molodensky’s theory are executed on the basis of 
wavelet-transformation. The results of calculation transforms of the gravitational 
field are presented for Central Alps area [Mazurova & Lapshin, 2011].  
A method of discrete linear transformations is used effectively to calculate 
deflections of the vertical on the basis of discrete values of gravity anomaly. 
Fourier Transformation algorithms, Short-Time Fourier Transformation, and 
wavelet-transformation are used for realization of the method. The results of 
calculation of deflections of the vertical that were executed on the basis of classical 
Fourier Transform (FT), Short-Time Fourier Transform (STFT), and Wavelet-
transformation (WT) are presented as 3D-models which illustrate action of the 
Heisenberg’s uncertainty principle in the specified algorithms [Mazurova et al., 
2013]. 
A new free-fall absolute ballistic gravimeter ABG-VNIIM-1 was fabricated 
at the D.I. Mendeleyev Research Institute for Metrology (VNIIM). For this 
gravimeter the authors [Vitushkin & Orlov, 2014a, 2014b] have developed an 
original mechanical system of ballistic unit, a compact iodine-stabilized in 
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frequency Nd:YVO 4/KTP diode-pumped solid-state laser at the wavelength of 532 
nm and the laser interferometer. The path of free fall of the test body in a vacuum 
chamber is about 10 cm. The electronic system for the fast acquisition of the length 
and time intervals during the free fall is based on the NI PXI platform. A special 
software GROT was developed to control of all the systems and to evaluate the 
measured gravity acceleration. A passive vibration isolation of the reference 
reflector in the laser interferometer is based on the seismometer. The gravimeter 
ABG-VNIIM-1 was tested at the gravimetric site "Lomonosov-1" at the 
Lomonosov branch of VNIIM. The estimated total instrumental uncertainty of 
ABG VNIIM-1 was determined to be 2·10 -8 m s-2. The typical residuals in the least 
square evaluation of the trajectory of the test body in a single drop at the 
"Lomonosov-1" site are from 0.3 to 0.8 nm. 
Absolute gravity determinations were determined by the Federal Scientific-
Technical Center of Geodesy, Cartography and Spatial Data Infrastructure from 
2011 to 2014 at 35 gravity stations of Russia. Especial efforts were done for the 
North territory of Russia, sea shore and islands of the Arctic Ocean. Part of stations 
is placed at permafrost territory. Repeated absolute gravity observation was 
performed at 10 stations of geodynamic test areas and FAGN stations.  
The Russian-Finland comparisons of absolute gravity meters were done in 
June-July 2013 in the frame of international cooperation between the Federal 
Scientific-Technical Center of Geodesy, Cartography and Spatial Data 
Infrastructure and Finnish Geodetic Institute. Five absolute meters of four 
institutions were used in the comparison. It were FG5x-221 (Finnish Geodetic 
Institute), FG5-110 and GBL-M-002 (TsNIIGAiK), GABL-PM (Institute of 
Automation and Electrometry, Siberian Branch of the Russian Academy of 
Sciences), and GAPL-M (Niimorgeofizika-Service.Com.). 
The measurements were executed at six pillars of the four fundamental 
points of FAGN (two of them are IGS points) located in different physical-
geographic conditions: Pulkovo, Svetloe, TsNIIGAiK (pillars 110A and 109A), 
and Zwenigorod (pillars A and B). 
The gravity meter FG5x-221 is a primary etalon of Finland. It took part in 
the International Comparison of Absolute Gravity meters (ICAG2013) at 
Walferdange (Luxemburg) on November 2013. In such a way the gravity unit 
transfer from international etalon to the Russian FAGN stations was performed 
taking into account the offsets of every Russian gravity meters.  
The Federal Scientific-Technical Center of Geodesy, Cartography and Spatial 
Data Infrastructure is developing a new global gravity model. At the first step of 
the work the update digital relief model was developed using digital topographic 
maps of the territory of Russia. The main steps of relief model creation are: 
- Estimation of data sources and a choice of the best 
- Combination of data sorces 
- Accuracy estimation of the developed model. 
An accuracy estimation was prepared using independent control data – 
geodetic network points, leveling benchmarks etc.  
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A new digital elevation model called RDTM2014.0 was constructed and 
tested. The mean difference between the model and control points was received 
equal to -1.6 m, mean absolute difference – 1.8 m, and median difference - -0.4 m. 
The model is used as a base for quazigeoid model creation. 
Wavelet representation is analyzed as the variant of new gravitation and 
quazigeoid models creation.  
Modern state verification schedule for free fall acceleration is criticized in 
[Staklo et al., 2014]. Autors discussed disadvantages of the unit etalon conception 
proposed in recent national standard of 2012. Group national etalons are proposed 
to create on a base of the Federal fundamental astro-geodetic and gravimetric 
networks.  
State and perspectives of modern instrumental gravimetry is recounted, a 
historical review of foreign works was performed by Soviet and Russian specialists 
[Basmanov et al., 2011]. Main historical moments of creation of state gravimetric 
network are presented. The need of taking into account the world experience at 
carrying out gravimetric works is noted. 
Coseismic gravity changes, that mainly occur due to vertical deformation of 
layer boundaries with density contrast (i.e. surface and Moho) were detected using 
the Gravity Recovery and Climate Experiment (GRACE) satellites for the 2013 
May 24 Okhotsk deep-focus earthquake (Mw8.3) [Tanaka et al., 2015]. This 
enables to suggest GRACE as a perspective tool to map vertical ground 
movements of deep earthquakes over both land and ocean. 
 
 
Figure. (a) The distribution of the coseismic gravity change caused by the 2013 
Okhotsk deep earthquake observed by GRACE. The star shows the epicenter of the 
earthquake, and the contour interval is 0.3 μGal. (b) Same as (a) but the land 
hydrological signals have been corrected using the GLDAS model [Tanaka et al., 
2015]. 
 
Gravity Recovery And Climate Experiment (GRACE) twin satellites have 
been observing the mass transports of the Earth inferred by the monthly gravity 
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field solutions in terms of spherical harmonic coefficients since 2002. In particular, 
the GRACE temporal gravity field observations revolutionize the study of basin-
scale hydrology, because gravity data reflect mass changes related to ground and 
surface water redistribution, ice melting, and precipitation accumulation over large 
scales. However, to use the GRACE data products, de-striping/filtering is required. 
The researchers [Zotov et al., 2015] applied the multichannel singular spectrum 
analysis (MSSA) technique to filter GRACE data and separate its principal 
components (PCs) at different periodicities. Data averaging over the 15 largest 
river basins of Russia was performed. In spring 2013 the extremely large snow 
accumulation occurred in Russia, while the autumn 2014 was quite dry. The 
maxima and minima are evident in GRACE observations, which correspond to 
Amur River flood in 2013, Volga River dry period in 2010 etc. They can be 
compared to the hydrological models, such as Global Land Data Assimilation 
System (GLDAS) or WaterGAP Global Hydrology Model (WGHM), and gage 
data. Long-periodic climate-related changes were separated into PC 2. Finally, it 
was observed that there were mass increases in Siberia and decreases around the 
Caspian Sea [Zotov et al., 2015].  
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The problems of Earth’s dynamics in relation to General Relativity effects are 
studied by Kopeikin et al. (2014). A concept of Relativistic Geoid is proposed.  
General problems of space geodetic measurements for global changes 
monitoring are discussed in [Tatevian et al., 2012, 2014a, b]. 
The studies of the Geocenter dynamics by the analysis of the measurements of 
the GPS and DORIS satellite systems performed by Valeev et al. (2011). 
Especialities of deformation of continental and ocean lithosphere revealed by 
geodetic technique are considered as an evidence of the north movement of the 
Earth’s core in [Goncharov et al., 2011]. 
In [Malkin, 2014e] the authors presented the results of a study, which have 
been performed to investigate the impact of the cut-off elevation angle (CEA) and 
elevation-dependent weighting (EDW) on the Earth orientation parameters 
(EOP)and baseline length estimates obtained from astrometric and geodetic VLBI 
observations. For this test, 2-week continuous CONT05 VLBI observations were 
processed with different CEA and EDW settings, keeping all other options the 
same as used during the routine data processing. For the baseline length, the 
repeatability test was used to investigate the impact of the analysis options under 
investigation. For EOP, the uncertainties and correlations between estimated 
parameters have been investigated, as well the differences between VLBI and GPS 
results obtained during the CONT2005 period. It has been shown that applying a 
small CEA up to about 8-10 degrees does not have large impact on the results, 
except a small degradation of the baseline length repeatability, whereas applying 
EDW allows smaller errors for the baseline length, polar motion and UT1 to be 
made. No substantial impact was found on the celestial pole offset. Finally, we 
conclude that an inclusion of the low-elevation observations, properly weighted, 
improves the baseline length repeatability and EOP results. 
Permanent and field GNSS measurements at nearly 40 sites surrounding the 
Gulf of Finland (South Finland, Estonia and Russia geodetic networks) were used 
for geodynamic researches of this region [Galaganov et al., 2011; Gorshkov et al., 
2012b, 2013b, 2015]. This region is interesting being a transient zone between the 
Baltic shield and East-European platform or in geology aspect between Archean 
(3.5 billion years) to Carboniferous (350 million years). The authors used a state-
of-art approach to calculation of site positions by GIPSY 6.3 with all modeling 
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corrections including loading ones. It was revealed that low-frequency variations 
of loading corrections besides nearly seasonal components have also a bias, 
different for various stations, at that hydrology loading corrections very seldom 
correspond to real seasonal station variations. The dynamics of the free from the 
low-frequency components of the station coordinates and base lines between them 
were also used to estimate the type of distribution of errors [Gorshkov, 
Shcherbakova, 2012]. These errors have mainly flicker and Gaussian white noise 
distribution for different stations. So the corrected for loading effects station 
velocities and its errors were used to assess the strain field of this flexure region by 
GRID_STRAIN package. This strain field has a weak (up to 3 nanostrain per year) 
almost meridian compression and possibly a slow counterclockwise rotation of the 
Baltic shield with respect to the East European platform.  
The same approach was used for estimation of strain field of the region of the 
Gulfs of Finland and Bothnia intersection and Baltic Sea up to Kaliningrad by 
using observation data of Finnish, Sweden, Estonian and Latvian GPS stations 
[Assinovskaya et al., 2011, 2013]. Seismic hazards in the Eastern Baltic region are 
traditionally considered having quite a low frequency and intensity; therefore 
seismic data alone do not provide sufficient constraints on the geodynamic models 
of this region. Therefore the analysis of the GPS-based regional crustal motions, 
strains, and co-seismic deformations was applied to develop geodynamic models 
for this Baltic Sea region. The GPS results were compared with seismic data 
because it is known that the strong Osmussaar earthquake (М = 4.6) had occurred 
in this region in 1976 and the Kaliningrad earthquake (М = 5.0) in 2004. 
Comparison between the seismic and GPS results permitted to characterize the 
active regional faults more accurately. These data and earthquake focal 
mechanisms provided for the Lake Ladoga, Gulf of Finland, and Kaliningrad 
earthquakes may be useful for the “Seismic Hazard Harmonization in Europe” 
(SHARE) project, which is devoted to updating seismic hazard models throughout 
Europe. 
Another strong and deep (610 km) earthquake beneath the Sea of Okhotsk 
(2013, M = 8.3) was used to estimate the limits of GPS kinematic technology (1 
sec resolution) to register seismic waves [Gorshkov et al., 2013a]. This earthquake 
had the distant and large enough macro seismic manifestations over the world. It 
was found that the closest to earthquake focus GPS-station in Kamchatka (PETS, 
550 km) has the same GPS-signal shape as a seismic one.  
The pole tide (PT) triggering of seismicity was studied in [Gorshkov, 
Vorotkov, 2012; Gorshkov, 2014]. PT is generated by the centrifugal effect of 
polar motion on the chandler (fcw = 0.84 cpy) and annual frequencies. These 
frequencies, their beat frequency (0.16 cpy) and doubled frequency of chandler 
wobble (1.66 cpy) were revealed in seismic intensity spectrum of weak (M < 5) 
earthquake. The failure time for such earthquakes (1 - 10 years) is in a good 
agreement with the periodicity of stress oscillations excited by PT in the Earth's 
crust. The NEIC and CMT global seismic databases (1976 – 2013) were used for 
the search of the PT influence on the intensity of seismic process. The normal and 
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shear stresses excited by PT were calculated for 32.2 thousand seismic events from 
CMT. The phases of the PT stresses for each earthquake were assessed and 
subsequently used for statistical estimation of PT triggering of seismicity. The PT 
stress oscillations excite the weak earthquakes of thrust-slip fault type only on 95% 
significance level by χ2 and Schuster’s statistical test. 
The North Eurasian deformation array (NEDA), established and developed by 
GS RAS since 1997, is intensively used over the last few years for monitoring 
active deformation belts around Russian territory. These tectonically active belts 
comprise the Far East and the North Caucuses, where the local deformation arrays 
have been also deployed. Various kinds of tectonic processes in these regions are 
investigated, such as interseismic, coseismic, postseismic activity, as well as the 
tectonic plates’ configuration and interaction. As for the seismic activity during 
2011-2014 the following phenomena were revealed and analyzed: the anomalous 
postseismic motion after the great Simushir doublet in 2006-2007 and the 2013 
Okhotsk deep (611 km) earthquake, all the events having the magnitude Mw 
exceeding 8. Regarding the interseismic deformations, in 2011-2014 the modern 
motions of the Earth crust were investigated in the Ossetia part of the Great 
Caucasus. Finally, the kinematics of microplates in the North-East Asia was 
estimated with the new set of measurements. These topics are outlined below and 
addressed in more detail. 
In 2006–2007, a doublet of great earthquakes (Mw > 8) struck in the center of 
the Kuril subduction zone, a thrust event followed by an extensional event. Our 
observations of the Kuril GPS Array in 2006–2009 outlined a broad zone of 
postseismic deformation with initial horizontal velocities to 90 mm/a, and 
postseismic uplift. Prior to the earthquakes, all observation sites of the Kuril 
network were moving towards the continent due to the subduction deformation of 
the continental margin. After the events, the direction of displacement had changed 
to the opposite direction at the stations located on the Matua, Ketoy, and 
Kharimkotan Islands, which were the nearest to the seismic events, and 
experienced a significant turn on the Urup Island nearby. We showed that most of 
the postseismic signal after the great Kuril doublet is caused by the viscoelastic 
relaxation of shear stresses in the weak asthenosphere with the best-fitting 
Maxwell viscosity in the range of (5–10) × 1017 Pa s, an order of magnitude 
smaller than was estimated for several subduction zones. We predict that the 
postseismic deformation will die out in about a decade after the earthquake doublet 
[Kogan M.G. et al., 2011, 2013, Vladimirova I.S. et al., 2011]. 
The researchers analyzed the first ever GPS observations of static surface 
deformation from a deep earthquake: the 24 May 2013 Mw 8.3 Sea of Okhotsk, 
611 km-deep, event. Previous studies of deep earthquake sources relied on 
seismology and might have missed evidence for slow slip in the rupture. We 
observed coseismic static offsets on a GPS network of 20 stations over the Sea of 
Okhotsk region. The offsets were inverted for the best fitting double-couple source 
model assuming a layered spherical Earth. The seismic moment calculated from 
static offsets is only 7% larger than the seismological estimate from Global 
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Centroid Moment Tensor (GCMT). Thus, GPS observations confirm shear faulting 
as the source model, with no significant slow-slip component. The relative 
locations of the U.S. Geological Survey hypocenter, GCMT centroid, and the fault 
from GPS indicate slip extending for tens of kilometers across most of the slab 
thickness [Steblov G.M., 2014; Shestakov N.V. et al., 2014]. 
The Ossetian part of the Greater Caucasus, being one of the most tectonically 
active regions of the Caucasus, until recently was not covered by the high-
precision geodetic measurements based on satellite methods. Since 2010 the 
network of satellite geodetic campaign sites for periodical observations by the 
mobile GPS equipment was deployed in this region as well as three permanent 
GPS sites were established. The velocities of horizontal motions were estimated in 
three reference frames: in the International Terrestrial Reference Frame ITRF2008, 
in Eurasia-fixed frame and in the local reference frame (defined by the local 
permanent site ARDN). The obtained results show, first, general submeridional 
motion of the region caused by the convergence of the Eurasian and Arabian 
plates, and, second, reveal a number of the tectonic features caused, apparently, by 
continuing local processes of the tectonic structure formation in this region 
[Milyukov V. et al., 2012, 2014]. 
The question concerning the integrity of major tectonic plates is still unclear 
for several regions covering the plate junction zones. The Northeast Asia is one 
such region, where there is no common concept of the configuration of plate 
boundaries. From the classical viewpoint, the dynamics of Northeast Asia is 
determined by the superposition of the relative rotations of the three major plates 
(Eurasian, North American and Pacific). According to the alternative viewpoint, 
the fragments that were split from these plates rotate independently in the form of 
microplates (Bering, Okhotsk, and Amur). The analysis of kinematics for the GPS 
stations located in eastern Chukotka, western Alaska, and on the Bering Sea 
islands suggests the existence of the Bering microplate rotating clockwise relative 
to the North American plate [Gabsatarov et al., 2013]. 
The Far East of Russia is the more geodynamic active region. In addition of 
the national reference frame the special geodynamic observation network is 
established by the Far Eastern branch of the Russian Academy of Sciences 
[Shestakov et al., 2012, Sorokin et al., 2013a, 2013b].  
The present tectonics of Northeast Asia has been extensively investigated 
during the last 12 years by using GPS techniques in a frame of international 
cooperation [Shestakov et al., 2011]. Nevertheless, a crustal velocity field of the 
southeast of Russia near the northeastern boundaries of the hypothesized Amurian 
microplate has not been defined yet. The GPS data collected between 1997 
February and 2009 April at sites of the regional geodynamic network were used to 
estimate the recent geodynamic activity of this area. The calculated GPS velocities 
indicate almost internal (between network sites) and external (with respect to the 
Eurasian tectonic plate) stability of the investigated region. It has not found clear 
evidences of any notable present-day tectonic activity of the Central Sikhote-Alin 
Fault as a whole. This fault is the main tectonic unit that determines the geological 
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structure of the investigated region. The obtained results speak in favor of the 
existence of a few separate blocks and a more sophisticated structure of the 
proposed Amurian microplate in comparison with an indivisible plate approach. 
The more intensive regional study was devoted to the 2011 Great Tohoku 
earthquake [Shestakov et al., 2011, 2012, 2013, 2014]. It was clearly reflected in 
the Earth’s surface deformation at continental territory. Small coseismic offsets 
detectable using GPS techniques were found more than 2300 km away from the 
Great Tohoku 2011 earthquake epicenter. Area of the most intense far-field co- and 
postseismic deformations with the maximum offset values exceeding 40 and 18 
mm, respectively, extends westward from Honshu Island to the Korean Peninsula, 
northeastern China and southern Far East Russia. The Sakhalin Island does not 
exhibit notable displacements caused by the earthquake, in contrast to the adjacent 
territories. A rectangular fault model with uniform slip was developed based on the 
GPS-detected far-field coseismic displacements using the spherically layered Earth 
assumption. Both far- and near-field coseismic deformations are generally well 
described by a single-segment rupture of 200 × 96 km2, characterized by thrust slip 
with minor strike-slip component of about 33 m and by the seismic moment value 
of 1.9·1022 N·m (Mw = 8.8), which roughly constrains the major slip area. The 
resultant compact fault geometry revealed that the main portion of the seismic 
moment had been realized in a relatively small-sized rupture segment. The 
sensitivity of far-field GPS data to the major slip area might also be used in the 
development of a seismically generated giant tsunami warning system [Shestakov 
et al., 2012]. 
The far-field coseismic ionospheric disturbances induced by the 2011 Great 
Tohoku earthquake using different GPS data sources (IGS data, continuously and 
periodically observed regional geodynamic GNSS networks and other GNSS 
observations applicable for this study) were determined and analyzed. The total 
electron content (TEC) data extracted from the original GPS observations were 
used to study the ionospheric response to this seismic event in the far-field zone 
(Fig. 1). The TEC disturbances with periods of 5-15 min propagating from the 
rupture were successfully detected by GPS methods at distances up to more than 
2000 km away from the epicenter. Their intensities decreased away from the quake 
epicenter. It was found some irregularity of the TEC disturbance attenuation in 
different directions. A comparative analysis was carried out of the distribution of 
ionosphere disturbances and of the far-field coseismic displacements [Shestakov et 
al., 2013].  
The dynamics of the Baykal rift zone is studied using GNSS observation 
[Serebriakova et al., 2013]. The observation show that not only transverse 
extensions take place at main regional faults but oppositely directed displacements 
of fault flanks also occur.  
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Fig. 1 Ionospheric response to the Great Tohoku earthquake. Legended. 
Samples of filtered TEC maps showing the propagation of different scale traveling 
ionospheric disturbances (TIDs). Upper-left plot shows no TEC perturbations 
before the earthquake. The next samples show large scale coseismic and 
postseismic TIGs. The last figure renders the TEC conditions after the main TIDs 
have passed away.  
The Baikal rift zone is a giant tectonic structure producing catastrophic 
earthquakes. Lake Baikal is the biggest reservoir of fresh water all over the world. 
Geodynamical monitoring of the region is a high important activity of scientific 
and stakeholder community. Historical seismic records showed that the main 
deformation of the region is an extension across the axis line of the Baikal rift. 
Different repeated geodetic measurements were done in the region. Several GNSS 
field companies are executed in the area from 1994 to 2014. The observation data 
were processed and deformation characteristics were received. The first epochs of 
absolute gravity measurements are executed. The received displacement vectors 
demonstrate the existence of movements of the order of 3 mm/yr in general. The 
deformations of the territory have the mean level of 10-6. The study shows that the 
south and north parts of the Lake Baikal are in a state of different deformation 
tendencies in different time intervals. The line of zero-deformation is close to the 
continuation of the Obruchev fault zone dividing the Lake Baikal into north and 
south parts.  
Recent deformation processes taking place in real time are analyzed on the 
basis of data on fault zones which were collected by long-term detailed geodetic 
survey studies with application of field methods and satellite monitoring [Kuzmin, 
2014a, 2014b]. A new category of recent crustal movements is described and 
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termed as parametrically induced tectonic strain in fault zones. It is shown that in 
the fault zones located in seismically active and aseismic regions, super intensive 
displacements of the crust (5 to 7 cm per year, i.e. (5 to 7)∙10–5 per year) occur due 
to very small external impacts of natural or technogenic / industrial origin. The 
spatial discreteness of anomalous deformation processes is established along the 
strike of the regional Rechitsky fault in the Pripyat basin. It is concluded that 
recent anomalous activity of the fault zones needs to be taken into account in 
defining regional regularities of geodynamic processes on the basis of real-time 
measurements. 
The results of analyses of data collected by long-term (20 to 50 years) 
geodetic surveys in highly seismically active regions of Kopetdag, Kamchatka and 
California are presented. It is evidenced by instrumental geodetic measurements of 
recent vertical and horizontal displacements in fault zones that deformations are 
‘paradoxically’ deviating from the inherited movements of the past geological 
periods. In terms of the recent geodynamics, the ‘paradoxes’ of high and low strain 
velocities are related to a reliable empirical fact of the presence of extremely high 
local velocities of deformations in the fault zones (about 10–5 per year and above), 
which take place at the background of slow regional deformations, with lower 
velocities by the order of 2 to 3. Very low average annual velocities of horizontal 
deformation are recorded in the seismic regions of Kopetdag and Kamchatka and 
in the San Andreas fault zone; they amount to only 3 to 5 amplitudes of the tidal 
deformations of the Earth per year. A ‘faultblock’ dilemma is stated for the recent 
geodynamics of faults in view of interpretations of monitoring results. The matter 
is that either a block is an active element generating anomalous recent deformation 
and a fault is a ‘passive’ element, or a fault zone itself is a source of anomalous 
displacements and blocks are passive elements, i.e. host medium. ‘Paradoxes’ of 
high and low strain velocities are explainable under the concept that the anomalous 
recent geodynamics is caused by parametric excitation of deformation processes in 
fault zones in conditions of a quasistatic regime of loading. Based on empirical 
data, it is revealed that recent deformation processes migrate in fault zones both in 
space and time. Two types of waves, ‘interfault’ and ‘intrafault’, are described. A 
phenomenological model of autowave deformation processes is proposed; the 
model is consistent with monitoring data. A definition of ‘pseudowave’ is 
introduced. Arrangements to establish a system for monitoring deformation 
autowaves are described. When applied to geological deformation monitoring, new 
measurement technologies are associated with result identification problems, 
including ‘ratios of uncertainty’ such as ‘anomaly’s dimensions – density of 
monitoring stations’ and ‘anomaly’s duration – details of measurements in time’. It 
is shown that the InSAR interferometry method does not provide for an 
unambiguous determination of ground surface displacement vectors [Kuzmin, 
2014a, 2014b]. 
Intensive gathering of permanent GNSS observation data stimulates a 
development of kinematic visualization of observed deformation processes. It 
helps to do reconnoiter analysis of the data and propose more plausible 
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mechanisms of observed processes. Developments in kinematic data visualization 
are described in [Kaftan et al., 2011a, b]. The developed techniques have allowed 
analyzing 5yr GNSS data observation near Parkfield earthquake epicenter [Kaftan 
& Krasnoperov, 2012, 2013]. 
The well known Parkfield earthquake (M 6.0), which occurred on September 
28, 2004 was expected by American geophysicists since late 1980-s. In 1990-s in 
the vicinity of the epicenter of this earthquake a dense permanent GPS-observation 
network was established. This network provided important information on the 
Earth’s surface changes of this region both before and after the earthquake. Earlier 
it was proposed to describe the Earth’s surface diplacements within seismo-
generating strike-slip faults using a simple mechanism of elastic rebound. This 
model was verified later as far as repeated geodetic observation results were 
accumulated [Pevnev, 2011, 2013a, b, c, d]. The 2004 Parkfield earthquake 
enabled the possibility of verification of the elastic rebound mechanism using 
repeated GPS observations. 
Observational data for the Parkfield GPS network used in this research was 
acquired from the SOPAC internet archive. The research also included 
development of a special software package for adjustment of baseline vector 
differences and visual and animated representation of data. As a result 
spatiotemporal animated models of displacements and deformations were received. 
The elastic rebound mechanism was demonstrated. 
The fault behavior within different segments of the observation network was 
analyzed in a period of 2.5 years before the earthquake. It was demonstrated that 
before the earthquake the fault is not completely locked as it was earlier proposed 
in the abovementioned Reid’s mechanism. Nevertheless, certain creep deceleration 
was registered somewhile before the seismic event. Analysis of separate segments 
of the observation network made it possible to assume that deceleration of fault 
flanks migrates and moves towards the future epicenter of an earthquake. Thus it 
might be assumed that the fault falls under locking stepwise before the earthquake 
moment while moving towards the epicenter from the North West boarder of the 
observation network [Kaftan & Krasnoperov, 2012, 2013]. 
GPS data was also used for analysis of the aftershock sequence caused by 
postseismic deformation process in the Parkfield earthquake source area [Kaftan & 
Rodkin, 2011, Rodkin & Kaftan, 2012]. 
The brief theory of two-dimensional problem of deformation is presented by 
Gerasimenko. In order to calculate simpler and uniquely the bearings of principal 
deformation axes formula is proposed [Gerasimenko, 2014]. 
Local geodynamic test areas are being constructed and explored in deferent 
parts of Russia. It is especially important in the zones of accumulation of 
radioactive waste. Initial field GNSS campaigns are described in [Tatarinov, 2014]. 
The special computer algorithms and software for deformation analysis in 
GNSS networks are proposed and described in [Yambaev & Markuze, 2014]. 
A simultaneous development of the continental-scale and regional-scale 
satellite geodetic networks is a keystone for understanding the kinematics and 
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geodynamics of the interplate deformations. The large-scale observation networks 
allow, first, to implement the stable reference frame, and, second, to reveal active 
deformation belts at the plate boundaries and to estimate intensity of the boundary 
deformation accumulation. At the same time regional densification of the 
observational networks allows detailed investigation of the local tectonic structures 
and their features on top of the interplate deformations. 
Today the dynamic processes of the Earth as a unit system need to be studied 
cross-functionally by means of different sciences. Interconnection between 
different dynamic processes has a special interest for better understanding of the 
nature as a whole. Some researches are devoted to find out interrelations between 
different terrestrial and external processes.  
An attempt is made to identify the relationship between the free nutation of 
the Earth’s core, expressed by changes in the parameters of the Earth’s rotation, 
and geomagnetic activity [Malkin, 2013].  
Research of regularities of Caspian Sea level was carried out continuously 
with the use of terrestrial observation techniques. The closed relationships between 
level changes, solar activity and Earth’s rotation variation were estimated over the 
period of the last centuries. The last decades are characterized by the intensive 
development of satellite and space observation techniques. Nowadays the accuracy 
and spatial-temporal resolution of sea level and cosmo-geophysical processes 
observation has considerably increased. Therefore the large current data ensuring 
the study of cause-and-effect relations between the Caspian Sea level and 
geophysical processes of global and space scales were collected. The results of the 
resent precise observation data analysis with high resolution as well as the long 
Caspian Sea level time-series combining terrestrial and space observation are 
proposed to the research community. Spectral characteristics of the Caspian Sea 
level changes, Earth’s rotation parameters (LOD), solar activity and other 
processes are studied. High amplitude oscillation components having close periods 
are revealed in the spectra of all analyzed processes. Caspian Sea level oscillations 
are following in an antiphase to the solar activity changes. The results of the 
analysis provide the new and important information facilitating to reveal the causes 
of the regional climate changes [Kaftan et al., 2014].  
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The development of the rotation theory of solid celestial body on the base of 
Hamilton-Jakoby theory is proposed by Yurkina [2013a]. Leonhard Euler and 
other scientists have noticed that the direction of the gravity force can be shifted 
from the centre of mass of the Earth. To obtain a general solution of the task of the 
Earth’s orientation change in space it is necessary to reflect the fact of such shift in 
the null iteration. The Hamilton-Yakoby equation gives this opportunity. 
The history of computation of preseccion and nutation corrections is 
described in [Yurkina, 2013b]. The author shows an inconvenience of modern 
aproarches due to not taking into account a point of application of the force of 
attraction of the Sun and the Moon in the Earth interiour. 
The Russian terrestrial segment of VLBI realization consists of three stations 
of the Quasar VLBI network. The modernization of instrumental and program 
means allowed an accuracy of Earth rotation parameters observation and a quality 
of geodynamic study to be improved [Finkelstain A.M. et al, 2012]. Two main 
observation programs are being realized for Earth rotation parameters (Ru-E) and 
universal time (Ru-U) determination at diurnal and hour sessions consequently. 
Root mean square (RMS) residuals of Earth rotation parameters from IERS 08 C04 
series are received as 1 mas for terrestrial pole and 0.38 mas for celestial pole 
coordinates. RMS residuals for universal time determination are equal to 0.034 ms. 
RMS values for the universal time determination on the Ru-U program are equal to 
0.053 ms.  
The relationships between different manifestations of solar and geomagnetic 
activity and the structural peculiarities of the dynamics of the pole wobble and 
irregularities in the Earth’s rotation were studied using singular spectrum analysis 
[Gorshkov, Miller, 2011; Gorshkov et al., 2011, 2012a, 2012c]. There are two 
close major peaks and several lower ones in the Chandler wobble (CW) spectrum. 
Components in the geomagnetic activity were distinguished in the same frequency 
band (by the Dst and Ap indices). The amplitude of CW and solar activity 
(SSArea) component was synchronized, i.e. the amplitude of about forty-year 
variations of each CW component corresponds to a similar variation in the 
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amplitude of the corresponding component of SSA: the CW amplitude increases 
with solar activity. Five to seven-year oscillations in the Earth’s rotation rate with a 
complex dynamics of amplitude variations are shown in variations in geomagnetic 
activity. It is revealed that secular (decade) variations in Earth rotation rate on 
average repeat global variations in the secular trend of the Earth’s geomagnetic 
field with a delay of eight years during the whole observation period. Beginning 
from the second half of the 20th century, an increase in solar activity generally 
corresponds to a decrease in Earth rotation rate (vice versa for Dst). 
In [Miller, Malkin, 2012b] a joint analysis of the Polar motion (PM) and 
celestial pole offset (CPO) time series is performed, which is the difference 
between the actual and modelled precession-nutation angles, and time series of two 
geomagnetic indices Kp and Dst. The primary goal was to reveal a possible 
connection between the Earth's magnetic field variations and CW and FCN 
excitation. This study was based on the extraction of the common principal 
components in the four analyzed series using the Multi-Channel Singular Spectrum 
Analysis and their amplitude and phase analysis using the Hilbert transform. Two 
groups of common principal components (PCs) were found: trends, and quasi-
harmonic terms with near-Chandlerian frequencies for PM, Kp and Dst series, and 
near-FCN frequency for CPO series (both periods are near 430 days. Comparison 
of the spectra of the investigated series and their amplitude and phase variations 
showed some interesting common features. However, the obtained results are still 
not sufficient to quantify the effects of interconnections of the CW, FCN and 
geomagnetic field. 
A detailed investigation of the long-period PM variations was carried out in 
several studies, the Chandler wobble (CW) in the first place. Among some 
interesting CW peculiarities, the phase jump of about 180o with simultaneous 
drastic decreasing of the CW amplitude occurred in the 1920s. It is supposed to be 
a unique event and a subject of intensive investigation by many authors. However, 
using a new 170-year PM time series [Miller, Prudnikova, 2011] allowed two more 
phase jumps in the 1840s and in the 2000s, which were earlier preliminarily 
detected at the shorter time interval [Malkin, Miller, 2011]. 
The paper [Miller, 2011] studies the Chandler component of polar motion, 
obtained from variations in the Pulkovo latitude over 170 years (1840–2009). The 
author employed different methods of analysis of non-stationary time series, such 
as wavelet analysis, methods of band-pass filtering, singular spectral analysis, and 
Fourier and Hilbert transforms. The long observation record and the methods of 
analysis of non-stationary time series had allowed identifying two similar 
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structures, both well apparent during the periods of 1845–1925 and 1925–2005 in 
the time variations of phase and amplitude. The presence of this structure indicates 
that low-frequency regularities may be present in the Chandler polar motion, and 
one of the manifestations of this may be well known feature in the region of 1925. 
The superimposed epoch method was used to estimate the period of variations in 
the amplitude with a simultaneous change of phase of this oscillation, which was 
found to be 80 years. 
The structural features of CW are shown in [Miller, 2013]. The longest time 
series of the pole coordinates are used for this purpose. Six components in the 
interval of 1.1-1.3 year were found by the method of singular spectral analysis. The 
first two components possess repeated structural features. Sum of these 
components corresponds to two main peaks of the CW spectrum. The spectral 
analysis of the variations of other components sum amplitude showed the existence 
of harmonicas with the periods of 11, 20, 27, 40 years which can be connected 
with Sun activity and Markovits's waves. During the Multidimentional Singular 
Spectrum Analysis of CW and geomagnetic indexes of Kp, Ap it was found that 
the behavior of the CW weak component was synchronized with the similar one, 
found during the decomposition of indexes. There are about 40 variations 
coordinated with Solar Activity in the field of century variations of CW amplitude. 
Besides this, such CW parameters as period, quality factor Q, amplitude and phase 
of the time variations are estimated in this work. 
In [Miller, Vorotkov, 2013] the residuals are obtained after an exclusion of 
the main components from time series C01, C04 IERS. A separation of the 
components is carried out by the Singular Spectrum Analysis. An analysis of the 
residuals allows to test quality of allocated components and to investigate a 
random component of a row. The random component is obtained by a consecutive 
exclusion of insignificant components with quasi-periodic character. The research 
of a casual component allows to reveal the dynamics of its parameters variation in 
time and to construct mathematical model for its description. Obtained results can 
be used for forecasting time series of Earth rotation parameters. 
VLBI Intensive sessions are scheduled to provide operational Universal Time 
(UT1) determinations with low latency. UT1 estimates obtained from these 
observations heavily depend on the model of the celestial pole motion used during 
data processing. However, even the most accurate precession-nutation model, IAU 
2000/2006, is not accurate enough to realize the full potential of VLBI 
observations. To achieve the highest possible accuracy in UT1 estimates, the CPO 
correction should be applied. Three CPO models are currently available for users. 
62 
 
In this paper, these models have been tested and the differences between UT1 
estimates obtained with those models are investigated. It has been shown that 
neglecting CPO modelling during VLBI UT1 Intensive processing causes 
systematic errors in UT1 series of up to 20 µs. It has been also found that using 
different CPO models causes the differences in UT1 estimates reaching 10 µs 
[Malkin, 2011c]. The obtained results are applicable to the satellite data processing 
as well. Analogous result was obtained for the Russian domestic program of 
operational UT1 determinations on the Quasar VLBI-network of IAA RAS 
[Malkin, Skurikhina, 2013]. It was found that the systematic differences between 
the UT1 estimates computed with different CPO models (trend and seasonal terms) 
are at a level of 1–3 µs. On the other hand, the formal error of the UT1 estimates 
practically does not depend on the CPO model used. 
In [Malkin, 2011b], several publicly available empiric models of the celestial 
pole offset (CPO) and free core nutation (FCN), included those developed by the 
author, are investigated and compared each other from different points of view, 
such as representation of the observation data, FCN parameters variation, 
prediction accuracy. Based on this study, some practical recommendations are 
proposed. 
FCN amplitude and phase variations are associated with different processes in 
the Earth's fluid core and core-mantle coupling. The same processes are generally 
caused the variations in the geomagnetic field (GMF) particularly the geomagnetic 
jerks (GMJs), which are rapid changes in GMF secular variations. Therefore, the 
joint investigation of variations in FCN and GMF can elucidate the Earth's interior 
and dynamics. In this paper, we investigated the FCN amplitude and phase 
variations derived from VLBI observations. Comparison of the epochs of the 
changes in the FCN amplitude and phase with the epochs of the GMJs indicated 
that the observed extremes in the FCN amplitude and phase variations were closely 
related to the GMJ epochs [Malkin, 2013k]. In particular, the FCN amplitude 
begins to grow one to three years after the GMJs. Thus, processes that cause GMJs 
are assumed as sources of FCN excitation. 
Free Inner Core Nutation (FICN) is another free rotational mode of the Earth. 
According to the literature, the FICN period is in the interval 930-1140 days. 
Detecting of this signal in the observational data is a very important scientific task 
allowing us to substantially improve our knowledge about the Earth's interior and 
rotation. Due to small expected amplitude of the FICN oscillation its detection can 
be successful only from the most accurate nutation series obtained from the VLBI 
observations. In [Malkin, 2013a, 2014d], some results are presented of further 
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steps in this direction. The author investigated several VLBI nutation series by 
means of spectral and wavelet analysis. It has been shown that there are several 
periodic signals with close amplitude around the expected FICN period without a 
prevailing one, which can be associated with the FICN. So, it seems to be 
necessary to improve the theoretical estimates of the FICN period to make its 
search in the observational series more promising. 
The accuracy of the current CPO data was analyzed in [Malkin2012f]. CPO 
time series are initially computed at the IVS Analysis Centers (ACs) routine 
products. They are then used in the IVS Coordinator Office to derive the IVS 
combined CPO series. In turn, IERS Combination Centers use original ACs' and/or 
IVS combined CPO series to derive the IERS combined product. All these 
transformations between the original series derived by the IVS ACs and the final 
IERS products are recommended and usually used by users introduce random and 
systematic differences between CPO series, which in turn lead to differences and 
inconsistencies between results of users' applications. This situation requires clear 
recommendations on using CPO series. 
Corrections to the IAU 2000/2006 parameters of the theory of precession and 
nutation are calculated using five different series – two individual series and three 
combined series that have been used in the literature for this purpose [Malkin, 
2014c]. A comparison of the sets of corrections obtained using the different 
datasets indicates significance systematic differences between them, which often 
substantially exceed the corresponding random errors. At the same time, existing 
studies have usually used data obtained from one or two series chosen by the 
authors without special justification. When refining the theory of precession and 
nutation, it is necessary to consider and compare various available series of VLBI 
data if one wishes to reduce the systematic errors in an improved model. 
Prediction of the Earth rotation parameters (ERP) is not only an interesting 
scientific task, but also has many important practical applications, such as ground-
based and satellite navigation systems, operational navigation, space missions 
control, etc. The users' requirements become much more precise during the last 
few years, which causes intensification of the scientific researches in the field of 
ERP prediction including improvement of old methods and development of new 
ones. As a rule each such study is accompanied by the accuracy assessment of the 
method under investigation. Different methods are often used for this purpose, not 
always compatible. Besides, methods of the accuracy assessment not always meet 
the users' requirements. A comparison of several methods of the ERP prediction 
accuracy assessment has been made, which allows us to obtain more objective data 
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on the quality of the prediction method and its suitability for various applications. 
A comparison is made of three main methods of the ERP prediction accuracy 
assessment based on a differences analysis between the predicted and final values: 
root-mean-square error (RMS), mean absolute error (MAE), and maximum error 
(MaxE). For the test computations the predictions made at USNO and JPL in the 
framework of the EOPCPPP campaign were used. The results of this test have 
shown that the RMS and MAE statistics are practically equivalent for the 
prediction method comparison. On the other hand, MaxE statistics gives valuable 
information about the quality of prediction by different methods. The obtained 
results can be useful also in other fields where a time series prediction is used 
[Malkin, 2013f]. 
A new method developed at the Siberian Research Institute of Metrology 
(SNIIM) for highly accurate prediction of UT1 and Pole coordinates was studied in 
detail in [Malkin, Tissen, 2012a, 2012b; Malkin et al, 2012]. The method is based 
on construction of a general polyharmonic model of the variations of the Earth 
rotation parameters using all the data available for the last 80–100 years, and 
modified autoregression technique. In this presentation, a detailed comparison was 
made of real-time UT1 predictions computed making use of this method in 2006–
2010 with simultaneous predictions computed at the International Earth Rotation 
and Reference Systems Service (IERS). Obtained results have shown that proposed 
method provides better accuracy at different prediction lengths. 
Analysis of the Chandler wobble (ChW) shows that its amplitude is 
decreasing in 2010th like in 1930th [Zotov, Bizouard, 2014a], it seems it has 70-
year amplitude change. At the same time Atlantic Multidecadal Oscillation – the 
main driver of 70-year changes in Global mean Earth temperature (T) and Sea 
Level (SL) had maxima in 1930th and is in maxima phase now, defining the pause 
in global warming. Singular spectrum analysis of climatological (T, SL) and Earth 
rotation (ChW, LOD) time series brought the author of [Zotov, 2013] to the 
conclusion, that they can be interrelated. In [Zotov, Bizouard, 2014b] atmospheric 
influence on Chandler wobble was studied, Chandler wobble excitation and 
variations in global Earth temperature were compared. They show distinctive 
similarities. The attempts are made to find the possible mechanism, including one 
based on Earth gravity field monitoring from space [Zotov et al., 2015] and recent 
works of Yu.G. Markov.  
Combined prediction of Earth rotation parameters is performed by L. Zotov in 
SAI MSU in collaboration with Shanghai observatory. The results are sent to 
EOPCPPP. 
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The study of particular spectrum features of Atmospheric Angular 
Momentum (13.66-day period in CRF), performed in [Bizouard et al, 2014, 
Sidorenkov et al., 2014] have proved their tidal origin. Thus, an influence of the 
moon tide on the winds and pressure distribution in the upper atmosphere has been 
clearly shown. 
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During the last years, much attention has been paid to the monitoring of the 
structures, GNSS techniques and use of terrestrial laser scanning technology for 
the different applications. 
The problems of use the GNSS monitoring technology to continuously control 
the hydro-power structures are studied and described in [Kaftan, Ustinov, 2012c, 
2012e]. The feasibility of using global radio-navigation satellite systems (GNSS) 
to improve functional safety of high-liability water-development works — dams at 
hydroelectric power plants and, consequently, the safety of the population in the 
surrounding areas is examined on the basis of analysis of modern publications. 
Characteristics for determination of displacements and deformations with use of 
GNSS, and also in a complex with other types of measurements, are compared. It 
is demonstrated that combined monitoring of deformations of the ground surface of 
the region, and engineering and technical structures are required to ensure the 
functional safety of HPP, and reliable metrological assurance of measurements is 
also required to obtain actual characteristics of the accuracy and effectiveness of 
GNSS observations. 
Nowadays more and more attention is paid to permanent observation for 
structural monitoring using global navigation satellite systems (GNSS). It is 
conditioned by permanent GNSS development and a possibility of structural 
control in a near real time mode. Now it is difficult to realize real time relative 
point position determination with the better than 1 cm accuracy. For that reason 
high temporal resolution static mode approach is more extended. Thus relative 
point position is determined hourly and is transferred to analysis center of 
monitoring system. Now such systems operate at hydropower plant dams. 
It is possible to sense intraday periodicities in high frequency baseline vector 
determination, caused by periodical natural changes and systematic GNSS errors. 
Such intraday oscillations were registered as an example in station coordinates of 
regional permanent GNSS networks and are associated to earth tides. 
The task of the present research is to study periodical changes in short 
baseline vectors of local GNSS monitoring networks. 
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Hourly baseline determination results of local deformation monitoring are 
analyzed for the purpose to reveal hidden periodicities. All monitoring duration 
was equal to two months. Baseline lengths were varies from 0.17 to 4.3 km. 
Three different spectral analysis techniques were used for more available 
periodicity determination. The wavelet transformation (Morlet function), Fast 
Fourier transformation, and sequential dominate harmonic analysis were used in 
the research. All results received by every technique are rather close to each other. 
Diurnal and semidiurnal oscillations are dominated in the received spectra. 
The causes of it can be both natural and artificial. It is necessary to make 
further study of a nature of the oscillations. It can be seen that diurnal and 
semidiurnal waves are more clearly reflected in horizontal vector components and 
vertical components have high and low frequency oscillations. Amplitudes of 
diurnal and semidiurnal oscillations are attained to 4 and 3 mm with the standard 
deviations about 0.1-0.4 mm correspondingly. 
It is necessary to reveal the nature of the received oscillations. Further 
research will be devoted to the problem. It is necessary to note that the cause of the 
revealed oscillations can be such as real changes due to temperature deformation or 
artificial systematical errors of GNSS technique. [Kaftan, Ustinov, 2013c] 
The general questions of use of the GNSS monitoring technology are studied 
and described in [Ustinov, 2014]. The authors describe the basic principles, 
advantages and limitations of the technology of satellite-geodetic deformation 
monitoring of hydraulic structures. The recommendations for optimal composition, 
configuration and functional structure of the systems of satellite monitoring are 
given. The main factors affecting the accuracy of GNSS observations, and methods 
of accounting for their influence are also listed. Is was noted that the use of 
satellite technology in combination with traditional methods of monitoring 
increases the reliability of determination of displacements and, as a consequence, 
the safety of hydro-power structures and the population of adjacent territories. 
The organization of geodetic observations of deformations transport tunnels is 
represented in [Afonin et al., 2014]. The algorithm for calculating the required 
accuracy in the observation of deformations is described. The questions of the 
accuracy of the destination in the observation of deformations in the horizontal and 
vertical plane are considered/ together with the results and conclusions of the 
calculations. 
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The several problems of development of the software package for monitoring 
dangerous objects are studied in [Brin et al., 2014]. 
In [Krolichenko, 2012] the authoers tell about the methods of supervision 
over deformations of the bases and constructions. The calculation of stability of an 
engineering construction is made and on the basis of this calculation the forecast of 
behavior of an engineering construction that allows preventing a wrong choice of a 
platform under building of an engineering construction was done. In the article the 
method of tilt observations which gives the possibility to continuously receive 
deformations of a ground under the influence of external pressure and construction 
deposits is given. 
The research [Zarzura, Mazurov, 2014a] deals with the several questions of 
bridge monitoring using GNSS. The geodynamic bridges safety during their 
operation is an urgent problem. This research introduces an integrated monitoring 
system for observing and evaluation of structural deformation behavior of bridges 
using modern geodetic positioning systems (GNSS). The aim is the selection and 
realization of the mathematical model of complex analysis of the results of 
measurements. Displacement of the bridges points depends not only on time, the 
impact of traffic capacity and wind, but a natural technical system of suspension 
bridge should also be taken into consideration. This makes it difficult to construct a 
predictive model. 
In [Zarzura, Mazurov, 2014b] the authors describe the study of bridge 
dynamics from the results of geodetic monitoring using GNSS technologies in 
conditions of wind and transport traffic. Engineering structures such as bridges are 
an important and widely used element of regional and urban infrastructure for 
traffic and transportation. One of the elements of the system to ensure their safety 
and security is geodetic monitoring using GNSS technologies. Analysis of the 
dynamics of suspension (cable-stayed) bridges should be based on external 
influences. The most significant are as follows: the temperature change, the impact 
of wind and vehicle movement. Here is some analysis of these effects on the 
dynamics of suspension bridge on real experimental data. 
Accuracy estimation of results of landslide process by geodetic monitoring 
using regression analysis is described in [Kuznetsov, 2011]. The regression data 
analysis of geodetic monitoring is widely used for determining laws governing 
landslide process and prognostication. Besides this, with the known nature of the 
development of deformations, an accuracy analysis of geodetic data according to 
the actual deviations of separate results from the line of trend is possible. The 
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article describes an example of the estimation of the accuracy of the geodetic 
monitoring landslide process with the use of linear regression. 
A tropospheric delay in GNSS measurements is studied in [Antonovich, 
2012]. The theory of troposphere delay calculation under the GNSS measurements 
is given. The neutral atmosphere parameters of interest and methods of their 
determination as well as simulation methods are described. 
[Gorshkov, Shcherbakova, 2012] investigated the noise and systematic errors 
of GPS observations inside the Pulkovo Observatory territory. Using the data of 
three permanent GPS-stations located inside the Pulkovo observatory, the behavior 
of noise and low-frequency components of their coordinates has been analyzed. 
There are low-frequency variations of station coordinates from parts of year to the 
dominant seasonal variations conditioned by atmospheric and hydrological 
loading. Dynamics of the free from the low-frequency components of the station 
coordinates and base lines between them were used to estimate the type of 
distribution of errors. Using the data of all stations the components of the weighted 
average velocities and its errors were calculated for different types of noise. 
In [Karpik, Avrunev, Varlamov, 2014] the authors proposed a methodology 
for monitoring the accuracy of satellite positioning when creating geospatial 
software territorial education. 
The research [Karpik et al., 2014a] concerns the creation of reference station 
network to provide a monitoring of oil transportation objects. The authors 
developed an automated monitoring system with plan-height position of the axis of 
the main pipeline, including the network reference frame GLONASS / GPS 
stations, server monitoring and data processing, communication lines and 
equipment monitoring RTK modes, post-processing and continuous monitoring. 
Methodological principles of a system of precise satellite navigation of 
moving objects with use of terrestrial GLONASS infrastructure are described in 
[Karpik et al., 2014b]. An accurate real-time satellite navigation system for moving 
objects is drawing increasing attention of specialists and scientists. Methodological 
principles for the creation of a single technology platform, navigation and 
information system competitiveness traffic control municipal and regional levels 
using GLONASS ground infrastructure and mass consumer equipment to 
decimeter level accuracy are described in detail. The research points out the 
principal features and structural elements of navigation and information system for 
traffic management. It provides some technological and technical solutions for the 
development and improvement of automobile navigating system as a whole. 
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The latest research was devoted to the terrestrial laser scanning and its 
applications. 
Today most laser scanner manufacturers make instrument calibration indoors. 
Such approach has its own disadvantage. A special field test determination of 
terrestrial laser scanner quality was carried out at the high precision geodetic 
reference baseline. These problems have been discussed in [Kaftan, Nikiforov, 
2011, 2012a, 2012b] 
In [Ustinov, Tveritin, 2013, 2014] the authors described the procedure for 
control survey of water-development works with use of terrestrial laser scanning. 
The problems that can be resolved with use of ground laser scanning are listed. A 
proposed procedure for a control survey with use of the method of laser scanning is 
described in detail. The advantages of laser scanning for updating control 
documentation are noted. The basic steps in studies related to the control survey 
are described. The procedures for determination and analysis of deviations in 
actual geometry of an entity obtained as a result of laser scanning from the design 
are cited. 
 
Fig.1 Measuring of point-cloud 
During the reporting period several studies in the field of remote sensing and 
geoinformatics were carried out. 
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Research of mesoscale cyclone process impact on upper atmosphere and 
ionosphere of the Earth is accomplished and described in [Bondur, Pulinets, 2012]. 
The authors describe the mechanisms of emergence and intensification of such 
hazardous atmospheric vortex phenomena like tropical cyclones (TC), as well as 
the processes of their electromagnetic interaction with the Earth's ionosphere. The 
analysis of different models of TC, including the ionization, was carried out. The 
mechanisms of helical velocity field in the formation of TC, as well as the physical 
mechanism explaining the established statistical relationship of short-term 
variations of galactic cosmic rays (Forbush-decreases), the frequency of nucleation 
and increased TC were also analysed. It is shown that these impacts are due to a 
decrease of ionization during the Forbush-decreases on the level of the tropopause, 
and accordingly, by lowering the temperature at the level of the upper edge of the 
clouds at the expense of reduction of the latent heat associated with condensation 
of moisture on the newly formed ions. This process leads to the increase of 
temperature difference between the ocean surface and the upper part of a tropical 
cyclone, and, consequently, increases the vertical convection, which leads to the 
intensification of the cyclone. The author concludes that the study of such 
mesoscale eddies in the atmosphere, as TC, is necessary to consider not only the 
hydrodynamic features, but also thermodynamic and electromagnetic properties of 
these structures. The results are important for the organization of research and 
monitoring of TC, including space methods. 
The paper [Savinikh, 2012b] considers the application of remote sensing in the 
management of transport: the application of remote sensing techniques in the 
application of intelligent transportation systems (ITS). The basic problems that 
arise in the management of common transport and the use of ITS were shown and 
disclosed. The paper deals with the major issues: ensuring the unity of the 
terminology of the field, ensuring the unity of time, ensuring the unity of the 
origin, maintenance of ITS in real time, coordinate the implementation of the 
medium. It shows a possible solution to these problems and the features of the 
solution of problems in Russia. It is proved that without the use of remote sensing 
techniques present the solution of problems of transport management cannot be 
found. 
The paper [Savinikh, 2012b] considers the concepts of application of 
geoinformatics for engineering surveys (ES). The GIS approach as a new 
investigation method in relation to ES is disclosed. The integrated use of earth 
remote sensing methods including the engineering survey sphere is described. The 
navigation field is considered. The main tasks and features of satellite navigation 
use for ES as well as application of artificial intelligence methods in 
geoinformatics and implementation of them in engineering surveys are revealed. 
Geoinformation monitoring as a tool for control and analysis of the state of 
engineering objects is described. The author pays attention to geoinformation, 
logistics tasks of which have to be always solved for engineering surveys. 
The results of the study of the reaction of the base line (located in Chile) on 
remote seismic events are described in [Dokukin, Poddubsky, 2011]. An evidence 
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of the reaction of the baseline for the strongest earthquakes - in accordance with 
the Meshcheryakov scheme is discussed. 
The paper [Dokukin, 2011] presents the main results of research carried out at 
a scientific and educational base "Gornoe" in 2004-2011. New satellite geodetic 
network for analyzing movements and deformations of the Earth's surface in the 
vicinity of the Pachelma aulacogene is created. Satellite measurements of the 
geodetic network are compared with a specially conducted geological research. As 
a result, there have been new empirical data on the movements of the Earth's 
surface, caused by seismic events. Authors also performed the experimental 
gravimetric measurements of a steep bank of the Osetr River. The results of 
gravimetric measurements allowed to clarify some parameters of a quasigeoid 
elevation map for the territory. 
In the article [Dokukin, Poddubsky, Poddubskaya, 2012a] the results of 
research of motions and deformations of the Earth’s surface using satellite 
observation in local network are considered. The local satellite geodetic network 
consists of four points of the Fundamental astronomic-geodetic network, which is 
located on a rather steady site of the Earth’s crust within the East European 
platform (Moscow region). The research shows that such territories come under the 
influence of remote seismic events that is possible to register by means of repeated 
satellite geodetic measurements. However these measurements are in their turn the 
subject of influence by various factors (including meteoparameters), deforming the 
results. The present article makes an attempt to reveal the connection between the 
changes of parameters of deformations of a geodetic network and various external 
phenomena. 
The results of the study of the parameters of movements and deformations of 
the Earth's surface covered by satellite geodetic network are described in 
[Dokukin, Poddubsky, Poddubskaya, 2012b]. The analysis of the repeated 
measurements of the local geodetic network in Moscow region has shown the real 
possibility of its use for studying the movements and deformations of the territory, 
and also for the search of geodetic reaction on the strongest earthquakes. The 
values of the parameters of spatial vectors of displacement of points, and also sizes 
of the parameters of deformations exceed the errors of measurements in most cases 
so it is possible to evaluate the reality of movements and deformations of the 
terrestrial surface and the physical nature of their origin. 
The article [Dokukin, Poddubsky, Poddubskaya, 2012c] considers the results of 
research of exactness of GNSS observation, executed on a standard base in 
different combinations. 
The paper [Dokukin, Melnikov, Bayramov, 2014] considers the results of the 
evaluation of the stability of reference stations. The conclusion about the stability 
of reference stations and the possibility of its use for cadastral survey in RTK 
mode was done. 
The possibility of applying the methods of analysis of movements and 
deformations of the Earth’s surface to assess the stability of geodetic networks 
located in tectonically quiet regions is considered in [Dokukin, 2014]. 
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The possibility of using topological methods to describe the fractal geometry 
of geodetic lines is considered by [Malinnikov et al, 2014]. It is shown that the 
geodetic lines are fractal objects. The propagation of light can be described as a 
process occurring in a Finsler space. Meaningful implementation of the Finsler 
geometry in geodesy can help take a new look at its traditional tasks, but will also 
contribute to the construction of new approaches to problem areas of space 
geodesy and astrometry. 
Methods of classical mechanics and astrometry are shown to be sufficient for 
deriving the exact mathematical formulae necessary for the solution of the 
problems of astrometry and connected to it sciences. From exact formulae it is not 
difficult to proceed to formulae of any approximation required by practice. 
Incompatibility of principles of the SRT and GRT with the principles of classical 
mechanics is shown and the question is raised of validity of the opinion submitted 
in academic magazine «Common sense», according to which the relativistic 
mechanics might be considered as more precise than mechanics of Newton 
[Tolchelnikova, 2014].  
Astronomical method for clock synchronization is compared with the one 
based on light travel time which Einstein considers as universal, applicable not 
only in rest system, but for the inertial motion of bodies and systems of bodies as 
well. In spite of the process of differentiation of science in XX century, empirical 
basis securing the close cooperation of astronomy with geodesy and gravimetry 
was preserved up to “revolution in astrometry”. Synthetic approach is urgent for 
efficient development of fundamental research, example of the one is demonstrated 
in the monograph «Gravimetry and Geodesy» [Tolchelnikova, 2013]. 
The possibility of determination of the Solar system motion’s velocity by 
means of observations of Jupiter satellites was questioned by James Maxwell in 
1879. The answer to Maxwell question is of interest to astronomers and physicists 
because the impossibility to determine the considered velocity follows from the 
fundamental principle of SRT. The authors [Tolchelnikova & Chubey, 2012] show 
the possibility to obtain the direction of projection (v) of the Solar system velocity 
90 
 
to the plane of ecliptic and impossibility to obtain the value of v without the 
additional observations from Space. 
Construction of a Lunar Base is discussed as an important long-term space 
program [Savinykh et al, 2014]. The data is given on the progress in studying the 
Moon, on the states-participants of lunar expeditions and scheduled projects-both 
domestic and foreign. Various aspects of this problem are considered: delivery of 
cargo to the Moon’s surface, prospects of industrialization, the expediency of using 
lunar space stations located in the libration points of the Earth-Moon system as "a 
trans-shipment terminal". National and planetary problems to be solved while 
using the Lunar Base are listed. It is necessary to build a system of time-coordinate 
and navigation support on the Moon, which will be required in the lunar base 
constructing and functioning and at various stages of performing this work. The 
paper proves the importance of establishing a lunar base for resolving the Earth’s 
problems and those of people further getting into space. 
Problems of building the global positioning system for uninhabited planets 
and natural satellites are discussed in [Shirenin et al, 2014] 
Analysis of the geodetic time series involves many statistical methods. 
Among them are computation of correlation between time series and the Allan 
variation of time series used to estimate their noise characteristics. However, the 
classical definitions of these statistics have been don't take into account the 
uncertainty of measurements under consideration. The latters can substantially bias 
the statistical estimates when the measurements have very different errors. To 
overcome this shortcoming, the weighted modifications was proposed of 
coefficient of correlation [Malkin, 2013e] and the Allan variance [Malkin, 2011b, 
2013d], which proved to be an effective statistical tool for analysis of the real 
observational data. 
Combining several independent measurements of the same physical quantity 
is one of the most important tasks in metrology. Small samples, biased input 
estimates, not always adequate reported uncertainties, and unknown error 
distribution make a rigorous solution very difficult, if not impossible. For this 
reason, many methods to compute a common mean and its uncertainty were 
proposed, each with own advantages and shortcomings. To overcome some 
problems of known approaches to compute the WA uncertainty, a new combined 
estimate has been proposed [Malkin, 2011a, 2013a, 2013b, 2013c]. It has been 
shown that the proposed method can help to obtain more robust and realistic 
estimate suitable for both consistent and discrepant measurements. 
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The studies were continued on application of the Singular Spectral Analysis 
(SSA) to analysis of the time series of astrometric and geodynamical data. This 
method allows separating different (quasi)periodical and trend-like signals with 
good frequency and time resolution even in presence of time-variable noise. 
Detailed analysis of the method was given in [Vityazev et al., 2012]. Using the 
SSA method several important results were obtained in analysis of the Chandler 
wobble [Miller, 2011, 2013, 2014; Miller, Malkin, 2012a; Miller, Vorotkov, 2013] 
and nutation series [Miller, Malkin, 2012b]. Advantages of singular spectral 
analysis for studying the long-period time series with involved structure have been 
demonstrated. 
The authors [Gerasimenko & Kamorny, 2014] examine the adjustment 
questions of repeated geodetic measurements performed for the study of crustal 
deformation or engineering structures. It is shown that in the separate adjustment 
systematic errors will not affect the determination of the displacement vector only 
under the same weights in both periods of measurement, but the mean square error 
of unit weight will be distorted. This disadvantage is eliminated in the adjustment 
of differences of measurements. The reliability assessment, contrary to known 
results, is not deteriorated. 
The algorithm of calculation of plan rectangular coordinates, declinations and 
scale of projection Gauss in 6º zone by geodetic coordinates is offered [Balandin et 
al, 2014]. This algorithm is used as alternative of the Gauss algorithm.  
The solar activity is distinguished as a factor of influence to satellite 
measurements and the Earth’s dynamic processes. Kinematic approach to solar 
activity modeling and forecasting is described in [Kaftan, 2012]. Proposed 
approximation model has provided a successful prediction of the 23rd solar cycle 
(SC) and especially its final unusually long stage. The amplitude of the current 24th 
SC was predicted as 130+20 sunspot number units Ri. Real maximum is equal to 
102.3 Ri. Two median shape of the current cycle is predicted accurately. Long 
term behavior of solar activity is analyzed in [Komitov & Kaftan, 2013]. The 
authors suggest that the long term solar minimum can probably begins in the 
nearest decades.  
The history of the Russian and international geodetic investigation is 
described in [Kaptüg, 2013; Mazurova, 2013, 2014; Teterin, 2013; Teterin, 
Sinianskaya, 2011]. 
Memories of famous scientists Euler, Molodensky, Krasovsky, Pellinen, 
Eremeev & Yurkina, and also biographies and anniversary congratulations are 
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presented in articles [Brovar, 2013; Brovar & Gusev, 2013; Mazurov & Medvedev, 
2014; Ogorodova et al, 2014; Prudnikova et al, 2013; Tolchelnikova, 2013; 
Yurkina, 2012; Yurkina et al, 2103]. 
Memory notes about famous Pulkovo latitude observers Lidia Kostina, 
Natalia Persiyaninova and Ivan Korbut are presented in [Malkin et al, 2013, 
Prudnikova et al., 2013]. 
Scientific event devoted to 150 anniversary of IAG is described in [Kaftan, 
2013]. Brief review of scientific presentations and events is presented. The 
schedule of the assembly is described. Brief information of contrnt of some papers 
and lectures is delivered. 
A historical book of the oldest Russian gravimetrist Nikolay Gusev is 
reviewed in [Baranov & Yuzefovich, 2014]. 
 
Fig. Physical geodesy. Scientific and technological paper collection of 
TsNIIGAiK. 
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